H ighly effective interventions to prevent perinatal transmission of human immunodeficiency virus (HIV) have been available for a number of years. Beginning in 1985, the Centers for Disease Control and Prevention (CDC) recommended that HIV-infected women not breastfeed their infants 1 ; routine administration of antiretroviral (ARV) medication for prophylaxis, zidovudine, of HIV-infected pregnant women, 2 and the offer of prenatal HIV testing to all pregnant women 3 were recommended in 1994 and 1995, respectively.
The percentage of HIV-infected pregnant women receiving ARV prophylaxis rapidly increased after 1995. 4, 5 In 2006, the CDC recommended universal HIV testing-using an opt-out approach-for all pregnant women to increase screening in health care settings and further reduce perinatal HIV transmission in the United States. 6 Suppression of maternal HIV viral load by potent therapeutic combinations became possible later in the 1990s with the availability of new categories of ARVs, such as protease inhibitors and nonnucleoside reverse transcriptase inhibitors. The use of these drugs in pregnant women in a manner similar to their use in nonpregnant women became accepted practice. 7 It was also recognized that cesarean delivery before the onset of labor and rupture of membranes could further decrease perinatal HIV transmission risk, independent of ARV use 8, 9 ; the practice was recommended for women whose viral load was not known to be below 1000 copies/mL near the time of delivery. 10 With optimal management, including suppression of HIV viral load to undetectable levels, mother-to-child HIV transmission rates lower than 1% can be achieved.
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Although identification of HIV infection is a necessary first step in appropriate treatment and prophylaxis, reports indicate that a quarter of pregnant women have not been tested. 14, 15 In addition, substantial proportions of women with known HIV infection did not receive adequate prenatal care or ARV medications. 16 National estimates of the number of perinatal HIV transmissions in the United States are needed to guide policy and monitor progress toward elimination of mother-to-child transmission. Previous estimates of the number of perinatal HIV cases in the United States demonstrated a peak of 1650 in 1991, declining to 480 in 1996. 5 Confidential name-based report- 
Methods

Data Sets
Diagnosis data on HIV from 50 states and the District of Columbia reported to the National HIV Surveillance System of the CDC by December 31, 2015, were used to examine variables related to perinatal HIV transmission events from 2002 through 2013 in the United States and estimate the number of infants with HIV infection born in each of these years. Data reported through the National HIV Surveillance System are reported in accordance with state notifiable disease reporting laws and requirements. These data are nonresearch and do not require a waiver of informed consent. Table 1 in 4-year intervals: maternal race/ethnicity, number of maternal prenatal care visits, timing of prenatal care, timing of maternal HIV diagnosis, maternal receipt of any ARV therapy during pregnancy, maternal receipt of any ARV during labor and delivery, child's receipt of any ARV, maternal and child receipt of any ARV agent at 3 time points (prenatal, labor and delivery, and postnatal), breastfeeding, and mode of delivery. Data for this section were not weighted to account for delays in diagnosis or reporting; therefore, the case counts for each year are lower than those in part 2, as described below ( developed by adjusting the reported number of perinatal HIV cases to account for delay in diagnosis and reporting. A perinatally HIV-infected infant may not be diagnosed at birth, and a diagnosed case may not be reported to the system immediately. Therefore, the delay associated with the diagnosis and reporting of a perinatally HIV-infected infant is defined as the time from the date when a perinatally HIV-infected infant was born to the date when HIV infection was diagnosed and reported to the National HIV Surveillance System. Based on the clear biphasic delay pattern observed among reported cases, we estimated the probabilities that perinatally infected persons were diagnosed and reported within certain times using conditional probabilities. For delays longer than 4 years, we modeled the probability by a truncated exponential distribution. For delays less than 4 years, we modeled the probability by a nonparametric approach using the life-table method. 19, 20 Through this procedure, each reported case was assigned a weight to account not only for reported infants but also for infants born in each year who had not yet been reported to the CDC. The weight is the inverse of the diagnosis and reporting delay probability associated with the case. To determine whether there was a significant increasing or decreasing trend in the estimated annual numbers of perinatally HIV-infected infants, the estimated annual percent change and associated 95% CIs were calculated. A change in trend was considered statistically significant if the P value is <.05. 21 
Markov Chain Monte Carlo Simulation for 95% CI
Given the national estimate of perinatally infected infants in all 50 states and the District of Columbia, N = n×w, where N is the national estimate, n is the reported number of perinatal HIV cases by birth year, and w is the final reporting delay weight, we estimated the uncertainty around each of the 2 variables (n and w) and then used Markov Chain Monte Carlo simulation to calculate the 95% CI of the estimated number of perinatal HIV infections in each birth year. The uncertainty associated with each input was incorporated into the final estimate by randomly resampling each variable under a plausible probability distribution. In particular, the Poisson distribution was used for resampling the count data (n: yearly births of perinatal HIV and AIDS cases), and the binomial distribution was used for resampling the reporting probability (w = 1/reporting probability). Simulation results from 1000 runs for each estimate were used to compute the confidence intervals. Random sampling was applied in the Markov Chain Monte Carlo simulation procedure. 22 The distribution of the values for each output estimate reflects the overall uncertainty that is associated with the input values. The 95% CIs were derived by identification of the 2.5 and 97.5 percentile values for the distribution of computational results. Using the estimated number of perinatal HIV infections, as described above, we then calculated the incidence of perinatal HIV infection as the estimated number of perinatal infections per 100 000 live births, with denominators based on national birth registry data. 23 All analyses were performed by using SAS, version 9.3 (SAS Institute Inc). Analysis was performed from April 1 to August 15, 2016.
Results
Characteristics of Perinatally HIV-infected Infants
Nearly two-thirds (63.0%) of the mothers of perinatally HIVinfected infants born in the United States during this time period were black or African American, and 18.3% were Hispanic or Latino (Table 1) . Nearly half (48.9%) of the mothers had missing or an unknown number of prenatal care visits, while 40.0% had at least 1 prenatal visit during the index pregnancy, and 11.2% had no reported prenatal care visits. ARV medications during the pregnancy, delivery, and postnatal periods, compared with 4.0% of those with HIV diagnosed at delivery or later. Similarly, for the same time period, 42.7% of women with at least 1 prenatal care visit received ARV medications at all 3 time points compared with 7.6% of women with no prenatal care visits.
Estimated Number of Perinatal HIV Infections
Applying the reporting delay weights to the number of cases reported for birth years 2002-2013, we estimated that 216 (95% CI, 206 to 230) perinatal HIV infections occurred among infants born in the United States in 2002 (5.37 per 100 000 live births) ( Table 2 and Figure 1 ). In 2013, we estimated that there were 69 (95% CI, 60 to 83) perinatal HIV infections (1.75 per 100 000 live births). The estimated annual percentage change from 2002 to 2013 was −8.4% (95% CI, −9.7% to −7.2%; P < .001). During the entire observation period (2002-2013), there were an estimated 1810 infants born with HIV infection in the United States, 1221 (67.5%) of whom were born in 10 states (in descending order: Florida, Texas, New York, Georgia, Pennsylvania, California, Illinois, Louisiana, New Jersey, and Maryland). Five of these states are in the South (Florida, Texas, Georgia, Louisiana, and Maryland) and accounted for 687 (38.0%) of the cases.
During the most recent 4-year period (2010-2013), an estimated 134 infants were born in 3 states (in descending order: Florida, 48; Texas, 44; and Georgia, 42) constituting 36.2% of the estimated number of infants born. The denominator used for these calculations was based on the state data provided in Figure 2 , which differ from the totals presented in Table 2 because of rounding. Eleven states had 10 or more infants born with HIV infection; HIV infection occurred in 275 infants in these 11 states, which accounted for 74.3% of the infants with HIV infection born during this period. The estimated incidence of perinatal HIV infection from 2010 to 2013 was less than 1.0 per 100 000 live births for 23 jurisdictions, 1.0 to 1.99 per 100 000 live births for 12 jurisdictions, 2.0 to 3.99 per 100 000 live births for 9 jurisdictions, and 4.0 or more per 100 000 live births for 7 jurisdictions (Figure 2 ). Among the 16 jurisdictions with an incidence of 2.0 or more per 100 000 live births, 10 were in the South.
Discussion
In this analysis, we examined characteristics of perinatally HIVinfected infants born in the United States between 2002 and 2013 based on national HIV surveillance data. Many motherinfant pairs had missed at least 1 prevention opportunity. The most common of these factors was lack of appropriate ARV medications during pregnancy; just 25.4% of HIV-infected mother-infant pairs were known to have received at least 1 ARV during all 3 recommended periods (pregnancy, delivery, and postnatal) over the 12-year period examined. Lack of ARV medications was associated with late maternal HIV diagnosis.
During the analysis period, we observed some positive changes in the percentage of HIV-infected infants and their mothers who had received recommended prevention interventions. Observed increases in ARV use remained lower than the goal of universal perinatal ARV prophylaxis for prevention of perinatal HIV transmission. The observed increase in the percentage of women with HIV diagnosed prior to pregnancy, which at face value seems contrary to the apparent increase in the percentage of women with no prenatal care during the latter years (2010-2013), may be indicative of increased HIV testing in general among women during this period.
The prevalence of missed opportunities observed in this study among all infants with diagnosed HIV born in the United States between 2002 and 2013 was consistent with that seen among HIV-infected women and their infants reported to the CDC's Enhanced Perinatal HIV Surveillance System from 15 high-prevalence areas in the United States (2005) (2006) (2007) (2008) . 16 Data from the Enhanced Perinatal HIV Surveillance System for 2005-2008 showed slight increases in the percentages of women with HIV diagnosed prior to pregnancy (from 66% to 71%), receiving prenatal ARV medications (from 82% to 87%), and receiving intrapartum ARV medications (from 81% to 88%), but they showed no apparent change in the percentage of pregnant women with prenatal care (90%). 16 The continuing prevalence of missed prevention opportunities suggests that the remaining HIV transmissions occur in a subset of the population that is particularly difficult to reach with the recommended interventions. 24 One could hypothesize that the difficulty in reaching this population may also be reflected by the increasing percentage of women who, although infection was diagnosed before pregnancy, had not apparently been successfully linked to-and retained in-care. Stated differently, the fact that infants continue to acquire HIV infection appears to be the result of the same reasons that have been known for years and likely not as a result of a previously unrecognized factor, such as increasing ARV resistance or an increasing incidence of women with acute HIV infection during pregnancy. These findings suggest that new strategies and more intense public health interventions may be needed to maintain Rates are estimated diagnoses per 100 000 live births and were adjusted for delay in reporting from birth to diagnosis and diagnosis to report.
ciation that we observed between late maternal diagnosis and lack of ARV receipt, additional emphasis on preconception counseling of HIV-infected women could provide one opportunity to ensure that all women have an effectively suppressed viral load before delivery. 26 Increased testing of partners of known HIV-infected adults can specify the type of preconception counseling that a couple needs. Many of the persons identified in this way will belong to HIV-discordant couples of reproductive age who could benefit from different approaches to planning safer conception and pregnancy, regardless of which partner is HIV infected. 27 Acute HIV infection during pregnancy appears to be playing a consistent role in remaining transmissions, [28] [29] [30] underscoring the usefulness of repeat HIV testing during pregnancy, as recommended by the CDC.
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The geographic distribution of these cases reflects the changing geography of HIV infections among women, with Southern states having a larger proportion of cases than in the past. 5 The cases were concentrated in 10 states, highlighting the need to maintain great levels of capacity in these areas. However, the fact that cases were diagnosed in most jurisdictions during the overall study period highlights the need to maintain capacity in all states to detect and respond appropriately to perinatal HIV exposures and infections; it further suggests that an approach to prevention might include a detailed review of every case of transmission as a sentinel health event. It was for this reason that the CDC included in its 2012 HIV prevention grants to health departments support for a prevention strategy that includes detailed review of every transmission; this strategy is known as the Fetal-Infant Mortality Review-HIV Prevention Methodology. 31 As of 2015, 9 jurisdictions had implemented this methodology. 2004 found approximately 20% more infections (n = 608) despite the fact that our estimate excluded infants born outside the United States. The prior estimates assumed that all cases would be reported to the system within 4 years. 18 This assumption underestimated the number of perinatally HIVinfected infants during that study period. With more years' data available for the present analysis and more jurisdictions reporting HIV diagnoses, we found that some cases were first reported up to 9 years after the birth year, and we modified our methodology to account for the longer observed reporting delays. The present study also updated these estimates for more recent years and found that the estimated number of perinatally acquired HIV infections in the United States subsequently declined from 182 in 2005 to 69 in 2013.
To our knowledge, this study provides the most geographically and temporally extensive data available describing substantial decreases in recent HIV transmissions to US-born infants and presents a national estimate of the incidence of perinatal HIV infection. In the most recent year available (2013), the incidence of perinatal HIV infection in the United States continued to be 1.75 times as high as the CDC perinatal HIV elimination incidence goal of 1 infection per 100 000 live births. 25 The other component of that elimination goal is a mother-to-child transmission rate of less than 1% (the number of infected infants divided by the number of HIV-infected women delivering). There are no specific data on the number of HIV-exposed deliveries in the United States, and the degree to which the most recent estimate (approximately 8700 in 2006) correlates with the present number is unknown. Our analysis suggests that the elimination of mother-to-child transmission goal was not met in 2013. Although specific definitions of elimination vary, declaring such a goal is an implicit recognition that the feat is believed possible. Important in achieving that goal is public health involvement directed at further improvements in prenatal care utilization, identification of HIV-infected pregnant women (and retaining in care women whose HIV infection has been identified), and assurance of the delivery of appropriate interventions to maximize women's and infants' health. New HIV infections occurring in women, continuing large numbers of HIV-infected pregnant women delivering annually, 32 and a higher incidence in infants of black or African American mothers continue despite declining perinatal HIV transmission overall.
Limitations
This analysis is subject to several important limitations. Some data were unavailable for the analysis of characteristics of diagnosed perinatal HIV infections, including maternal viral load, use of illicit substances by mothers of infected infants, mental health issues for the mother, and socioeconomic status. For the purposes of this analysis, a 3-part ARV regimen refers to the use of any ARV by the mother during the pregnancy and during labor and orally by the infant after delivery since the case report form does not distinguish triple-drug from single-drug regimens. Data for the timing of the maternal HIV diagnosis were collected in the categories reported in Table 1 ; precise dates of diagnosis and pregnancy were not consistently available. It was thus not possible to characterize more specifically the length of time between maternal diagnosis and birth of the infant. In addition, there was a substantial amount of missing data for some of the variables in Table 1 . Although the national estimates of perinatal HIV infections were adjusted for diagnosis and reporting delays, descriptive data in Table 1 were not weighted because the weights were created in a model without considering those variables. Reported numbers less than 12, as well as estimated numbers and rates based on them, should be interpreted with caution because numbers have underlying relative SEs greater than 30% and are considered unreliable. Finally, data were available only for HIVinfected infants-not for all HIV-exposed infants. Data on HIV-exposed infants would allow more direct assessment of factors associated with transmission of HIV. Such data are no longer consistently available since the 2011 retirement of the Enhanced Perinatal HIV Surveillance System surveillance project.
Conclusions
Even if perinatal rates in the "elimination" range are achieved in any given year or jurisdiction, it will be necessary to sustain efforts to prevent perinatal HIV transmission. These efforts can include innovative approaches to reduce missed prevention opportunities and health disparities, as well as improve early testing, linkage to, and retention in care for women with HIV infection.
